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PLWLJDWH FRQJHVWLRQ DQG LPSURYH XUEDQ PRELOLW\ 7KH ILHOG RI XUEDQ WUDIILF FRQWURO 87& KDV EHHQ
VWXGLHGDQGGHYHORSHGLQDYDULHW\RIZD\VGXULQJWKHSDVWGHFDGHV,QIDFWWKHWUDIILFIORZFRQGLWLRQVLQ
ODUJHVFDOH XUEDQ QHWZRUNV GHSHQG FULWLFDOO\ RQ WKH DSSOLHG VLJQDO FRQWURO VWUDWHJLHV +RZHYHU DV WKH
GHEDWH UHJDUGLQJ XUEDQPRELOLW\ DQG WKH ZLVK IRU D VXVWDLQDEOH WUDQVSRUW V\VWHP LQGLFDWH WKH QHJDWLYH
HIIHFWV RI FRQJHVWHG WUDQVSRUW QHWZRUNV VXFK DV H[FHVVLYH GHOD\V HQYLURQPHQWDO LPSDFW DQG UHGXFHG
VDIHW\ SHUVLVW RU HYHQ LQFUHDVH KHQFH LQWURGXFLQJ LPSURYHG WUDIILF VLJQDO FRQWURO PHWKRGV DQG
WHFKQLTXHVFRQWLQXHV WREHDYLWDO LVVXH,QSDUWLFXODU WKHGHYHORSPHQWRISUDFWLFDEOHDQGHIILFLHQWUHDO
WLPH VLJQDO FRQWURO VWUDWHJLHV IRU XUEDQ URDG QHWZRUNV XQGHU VDWXUDWHG WUDIILF FRQGLWLRQV LV D PDMRU
FKDOOHQJH ZLWK VLJQLILFDQW VFLHQWLILF DQG SUDFWLFDO UHOHYDQFH 7KH VFLHQWLILF UHOHYDQFH VWHPV IURP WKH
UHFHQWO\ LQFUHDVHG LQWHUHVW LQ WKH VSHFLILF SUREOHP DV ZHOO DV UHFHQW SRWHQWLDOO\ YDOXDEOH PRGHOV DQG
LQVLJKWVWKDWPD\FRQWULEXWHWRLPSURYHGVLJQDOFRQWUROPHWKRGV7KHSUDFWLFDOUHOHYDQFHVWHPVIURPWKH
FRQJHVWLRQGHJUDGDWLRQDQGJULGORFNSUREOHPVHQFRXQWHUHGLQFUHDVLQJO\LQPRGHUQXUEDQURDGQHWZRUNV
WKDWFRXOGEHQHILWKLJKO\IURPLPSURYHGVLJQDOFRQWUROXQGHUVDWXUDWHGWUDIILFFRQGLWLRQV
87& V\VWHPV FRQVWLWXWH D VFLHQWLILF ILHOGZLWK ORQJODVWLQJ DQG H[WHQVLYH UHVHDUFK DQG GHYHORSPHQW
DFWLYLWLHV0DQ\PHWKRGRORJLHVKDYHEHHQSURSRVHGVRIDUEXWWKHUHLVVWLOOVSDFHIRUQHZGHYHORSPHQWV
SDUWLFXODUO\IRUVDWXUDWHGWUDIILFFRQGLWLRQV,QIDFWZLGHO\XVHGVWUDWHJLHVOLNH6&227+XQWHWDO
DQG6&$76/RZULHDOWKRXJKDSSOLFDEOHWRODUJHVFDOHQHWZRUNVDUHGHHPHGOHVVHIILFLHQWXQGHU
VDWXUDWHG WUDIILF FRQGLWLRQV2Q WKH RWKHU KDQGPRUH DGYDQFHG WUDIILFUHVSRQVLYH VWUDWHJLHV OLNH23$&
*DUWQHU  352'<1 )DUJHV HW DO  DQG 5+2'(6 0LUFKDQGDQL DQG +HDG  XVH
RSWLPLVDWLRQ DOJRULWKPV ZLWK H[SRQHQWLDO FRPSOH[LW\ ZKLFK GR QRW SHUPLW D VWUDLJKWIRUZDUG FHQWUDO
QHWZRUNZLGH DSSOLFDWLRQ 7KXV PRVW DYDLODEOH VWUDWHJLHV IDFH OLPLWDWLRQV ZKHQ LW FRPHV WR VDWXUDWHG
WUDIILF FRQGLWLRQV WKDW DUH IUHTXHQWO\ REVHUYHG LQ PRGHUQ PHWURSROLWDQ DUHDV $ QRWHZRUWK\ DQG
SUDFWLFDEOHDWWHPSWWRDGGUHVVVDWXUDWHGWUDIILFFRQGLWLRQVZDVWKHPRUHUHFHQWO\GHYHORSHGVLJQDOFRQWURO
VWUDWHJ\78&'LDNDNLHWDOVHHDOVR$ERXGRODVHWDO)XUWKHUPRUHDQXPEHURIUHVHDUFK
DSSURDFKHV KDYH EHHQ SURSRVHG WKDW HPSOR\ YDULRXV FRPSXWDWLRQDOO\ H[SHQVLYH QXPHULFDO VROXWLRQ
DOJRULWKPV LQFOXGLQJ JHQHWLF DOJRULWKPV $EX/HEGHK DQG %HQHNRKDO  /R HW DO  PXOWL
H[WHQGHG OLQHDU FRPSOHPHQWDU\ SURJUDPPLQJ 'H 6FKXWWHU DQG 'H0RRU  PL[HGLQWHJHU OLQHDU
SURJUDPPLQJ /R  %HDUG DQG =LOLDVNRSRXORV  DQG DQW FRORQ\ RSWLPLVDWLRQ 3XWKD HW DO
 KRZHYHU LQ YLHZRI WKH KLJK FRPSXWDWLRQDO UHTXLUHPHQWV WKH QHWZRUNZLGH LPSOHPHQWDWLRQ RI
WKHVHRSWLPL]DWLRQEDVHGDSSURDFKHVPLJKWIDFHVRPHGLIILFXOWLHVLQWHUPVRIUHDOWLPHIHDVLELOLW\,QIDFW
DUHFHQW)+:$UHSRUWDVFLWHGLQ/LHEHUPDQHWDORSLQHG³1RFXUUHQWJHQHUDOO\DYDLODEOHWRRO
LVDGHTXDWHIRURSWLPL]LQJ>VLJQDO@WLPLQJLQFRQJHVWHGFRQGLWLRQV´
7KH QRWLRQ RI D IXQGDPHQWDO GLDJUDP HJ LQ WKH IRUP RI D IORZGHQVLW\ FXUYH IRU KLJKZD\V ZDV
UHFHQWO\ IRXQG WRDSSO\XQGHUFHUWDLQFRQGLWLRQV WR WZRGLPHQVLRQDOXUEDQURDGQHWZRUNVDVZHOOVHH
*DUWQHUDQG:DJQHUIRUVLPXODWLRQEDVHGH[SHULPHQWV*HUROLPLQLVDQG'DJDQ]RIRUUHDO
GDWD EDVHG LQYHVWLJDWLRQV 'DJDQ]R DQG *HUROLPLQLV  )DUKL  DQG +HOELQJ  IRU
DQDO\WLFDO WUHDWPHQWV ,Q IDFW D IXQGDPHQWDOGLDJUDPOLNH VKDSH RI PHDVXUHPHQW SRLQWV ZDV ILUVW
SUHVHQWHGE\*RGIUH\EXWDOVRREVHUYHGLQDILHOGHYDOXDWLRQVWXG\E\'LQRSRXORXHWDO
VHH )LJ  DQG WKH UHODWHG FRPPHQWV WKHUHLQ 7KH FRQFHSW LV VRPHWLPHV FDOOHG 0)' PDFURVFRSLF
IXQGDPHQWDOGLDJUDPEXW VLQFH WKHRUGLQDU\ IXQGDPHQWDOGLDJUDPIRUKLJKZD\V LVDOVRPDFURVFRSLF
ZHSUHIHUWRFDOO LW1)'QHWZRUNIXQGDPHQWDOGLDJUDPIRUEHWWHUGLVWLQFWLRQ$OWKRXJKWKHH[DFW1)'
FXUYHPD\GHSHQGRQWKHRULJLQGHVWLQDWLRQGHPDQG-LHWDO LWPD\EHTXLWHVWDEOHIURPGD\WR
GD\ SDUWLFXODUO\ LI WUDIILF ORDG LV KRPRJHQHRXVO\ GLVWULEXWHG LQ QHWZRUN OLQNV *HUROLPLQLV DQG 6XQ
 ,QVLPXODWHGHQYLURQPHQWVZKHUHGLIIHUHQW VLJQDOFRQWUROVWUDWHJLHVDUH WHVWHG WKLVKRPRJHQHLW\
FRQGLWLRQ PD\ FDOO IRU DFWLYDWLRQ RI D G\QDPLF WUDIILF DVVLJQPHQW GHYLFH WR UHGXFH SRVVLEOH WUDQVLHQW
SKHQRPHQD VXFK DV K\VWHUHVLV GXULQJ QHWZRUN ILOOLQJ DQG HPSW\LQJ $ERXGRODV HW DO 
*HUROLPLQLVDQG6XQ
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$SUDFWLFDOWRROIUHTXHQWO\HPSOR\HGDJDLQVWRYHUVDWXUDWLRQRIVLJQLILFDQWRUVHQVLWLYHOLQNVRUXUEDQ
QHWZRUNSDUWVLVJDWLQJ:RRGHWDO%UHWKHUWRQHWDO/XNDQG*UHHQ7KHLGHDLVWR
KROGWUDIILFEDFNYLDSURORQJHGUHGSKDVHVDWWUDIILFVLJQDOVXSVWUHDPRIWKHOLQNVWREHSURWHFWHGIURP
RYHUVDWXUDWLRQZKHUHE\WKHOHYHORUGXUDWLRQRIJDWLQJPD\GHSHQGRQUHDOWLPHPHDVXUHPHQWVIURPWKH
SURWHFWHGOLQNV7KHPHWKRGLVXVXDOO\HPSOR\HGLQDQDGKRFZD\EDVHGRQHQJLQHHULQJMXGJPHQWDQG
PDQXDOILQHWXQLQJUHJDUGLQJWKHVSHFLILFJDWLQJSROLF\DQGTXDQWLWDWLYHGHWDLOVZKLFKPD\UHDGLO\OHDG
WRLQVXIILFLHQWRUXQQHFHVVDULO\VWURQJJDWLQJDFWLRQV
,Q WKLV SDSHU WKH XUEDQ QHWZRUN1)' FRQFHSW LV H[SORLWHG WR LPSURYHPRELOLW\ LQ VDWXUDWHG WUDIILF
FRQGLWLRQVYLDDSSOLFDWLRQRIJDWLQJPHDVXUHVEDVHGRQDQDSSURSULDWHIHHGEDFNFRQWUROVWUXFWXUH0RUH
VSHFLILFDOO\ WKH 1)' LV XVHG WR GHULYH FOHDU JDWLQJ WDUJHWV WKDW PD[LPL]H WKURXJKSXW LQ WKH SURWHFWHG
QHWZRUN SDUW PRUHRYHU DQ DSSURSULDWH VLPSOH G\QDPLF PRGHO LV GHYHORSHG WKDW DOORZV IRU WKH
VWUDLJKWIRUZDUGGHULYDWLRQRI VLPSOHEXWHIILFLHQW IHHGEDFN UHJXODWRUV VXLWDEOH IRU VPRRWKDQGHIILFLHQW
RSHUDWLRQV7KHSURSRVHGPHWKRGRORJ\LVDSSOLHGDQGGHPRQVWUDWHGIRUWKHXUEDQURDGQHWZRUNRI&KDQLD
*UHHFHLQDPLFURVFRSLFVLPXODWLRQHQYLURQPHQWXQGHUUHDOLVWLFWUDIILFFRQGLWLRQV
0HWKRGRORJ\
*HQHUDOJDWLQJWDVN
7KHREMHFWLYHRIWKHSUHVHQWHGPHWKRGRORJ\LVWRPLWLJDWHXUEDQWUDIILFFRQJHVWLRQYLDIHHGEDFNJDWLQJ
E\H[SORLWLQJWKHQRWLRQRIWKHQHWZRUNIXQGDPHQWDOGLDJUDP1)'IRUDQXUEDQQHWZRUNSDUWWKDWQHHGV
WREHSURWHFWHGIURPWKHGHWULPHQWDOHIIHFWVRIRYHUVDWXUDWLRQ7RJDWHWKHWUDIILFIORZXVXDOO\GXULQJWKH
SHDNSHULRGV LQDQXUEDQQHWZRUN WKHDUHD WREHSURWHFWHG IURPSRVVLEOHFRQJHVWLRQDQG WKH ORFDWLRQV
ZKHUH JDWLQJ TXHXHV ZLOO EH FUHDWHG PXVW EH GHILQHG 7KH JHQHUDO VFKHPH RI JDWLQJ LQFOXGLQJ WKH
SURWHFWHGQHWZRUN31LVVNHWFKHGLQ)LJ7RLPSOHPHQWJDWLQJWKHXVXDOWUDIILFOLJKWVVHWWLQJVPXVW
EH PRGLILHG DW RQH RU PRUH XSVWUHDP MXQFWLRQV ZKLFK PD\ EH ORFDWHG PRUH RU OHVV FORVH WR WKH
SUREOHPDWLF DUHD ,Q )LJ  WKH GRXEOH OLQH LQGLFDWHV WKH JDWLQJ ORFDWLRQ XSVWUHDP RI ZKLFK YHKLFOH
TXHXHVPD\JURZWHPSRUDULO\IDVWHUWKDQZLWKRXWJDWLQJ JT LVWKHJDWHGIORZDSDUWRIZKLFK ET PD\
QRW EH ERXQG IRU WKH SURWHFWHG QHWZRUN 31 ZKLOH LQT LV WKH SDUW RI WKH JDWHG IORZ WKDW HQWHUV WKH
SURWHFWHG QHWZRUN GT UHSUHVHQWV RWKHU QRQJDWHG RU LQWHUQDO LQIORZV WR WKH 31 GLVWXUEDQFHV
ILQDOO\ RXWT DQG 1 VWDQG IRU WKH 31 H[LW IORZ ERWK LQWHUQDO DQG H[WHUQDO DQG WKH QXPEHU RI YHKLFOHV
LQFOXGHGLQWKH31UHVSHFWLYHO\
,I1LVDOORZHGWRJURZEH\RQGFHUWDLQOLPLWVWKH31H[LWIORZ RXWT GHFUHDVHVDFFRUGLQJWRWKH1)'
GXH WR OLQN TXHXH VSLOORYHUV DQG JULGORFN7R DYRLG WKLV 31GHJUDGDWLRQ JDWLQJ VKRXOG UHGXFH WKH 31
LQIORZ LQT DSSURSULDWHO\VRDVWRPD[LPL]HWKH31WKURXJKSXW7KLVPD\LQFXUVRPHWHPSRUDU\YHKLFOH
GHOD\VLQWKHTXHXHVRIWKHJDWHGMXQFWLRQVZKLFKKRZHYHUPD\EHHYHQWXDOO\RIIVHWDWOHDVWIRUWKH LQT 
SRUWLRQRIWKHJDWHGIORZWKDQNVWRWKHKLJKHU31H[LWIORZHQDEOHGE\JDWLQJRQWKHRWKHUKDQGWKHIORZ
ET ZLOOH[SHULHQFHJDWLQJGHOD\VZLWKRXWDQ\GLUHFWUHZDUGWKHVHGHOD\VZLOOEHJHQHUDOO\VPDOOHULIWKH

)LJ*HQHUDOVFKHPHRIWKHSURWHFWHGQHWZRUNDQGJDWLQJ
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JDWLQJ MXQFWLRQ LV FORVHU RU DWWDFKHG WR 31 GXH WR DFFRUGLQJO\ VPDOOHU RU ]HUR IORZV ET  ,Q VRPH
VLWXDWLRQVHJZKHQPDMRUSUREOHPVLQ31PD\FDXVHFRQJHVWLRQWRVSUHDGUDSLGO\WRDGMRLQLQJDUHDVWKH
XVHRIJDWLQJFRXOGSURYLGHHYHQKLJKHUEHQHILWVWRWKHRYHUDOOQHWZRUN
$SSOLFDWLRQQHWZRUN
,Q WKLV VWXG\ WKH FHQWUDO EXVLQHVV GLVWULFW &%' RI WKH &KDQLD XUEDQ URDG QHWZRUN ZKHUH WKH
FRQJHVWLRQXVXDOO\VWDUWVGXULQJWKHSHDNSHULRGLVFRQVLGHUHGDVWKHSURWHFWHGQHWZRUN(LJKWJDWLQJOLQNV
DUH VSHFLILHG H[DFWO\ DW WKH ERUGHU RI WKH SURWHFWHG QHWZRUN $ JUHDWHU SDUW RI WKH &KDQLD XUEDQ URDG
QHWZRUNLVPRGHOOHGLQWKH$,0681PLFURVFRSLFVLPXODWLRQHQYLURQPHQW766DFFRUGLQJWR)LJ
7KH31LVVHSDUDWHGIURPWKHUHVWRIWKHQHWZRUNE\WKHUHGERUGHULQ)LJ7KH31FRQVLVWVRI
OLQNVZKLOHWKHWUDIILFMXQFWLRQVVHOHFWHGIRUJDWLQJDUHLQGLFDWHGE\DUURZVLQ)LJ,QWKHPLGGOHRI
HYHU\OLQNLQVLGHWKHUHGERUGHUOLQHDORRSGHWHFWRUKDVEHHQLQVWDOOHGDQGWKHUHODWHGPHDVXUHPHQWVDUH
FROOHFWHGDWHYHU\F\FOHLQWKLVFDVHV7KHJDWLQJOLQNVKDYHEHHQFKRVHQWRSURYLGHVXIILFLHQWVSDFH
IRUYHKLFOHTXHXLQJVRWKDWIXUWKHUXSVWUHDPMXQFWLRQVDUHQRWVLJQLILFDQWO\REVWUXFWHG$VLQGLFDWHGZLWK
VPDOOFLUFOHGOLQNVLQ)LJPXOWLSOHRULJLQVDQGGHVWLQDWLRQVDUHLQWURGXFHGDWWKHQHWZRUNERXQGDULHV
EXW DOVR DW LQWHUQDO QHWZRUN ORFDWLRQV LQFOXGLQJ WKH 31 DUHD 7KHVH RULJLQV DQG GHVWLQDWLRQV 2'
DFFRXQWIRUYDULRXVFRUUHVSRQGLQJLQDQGRXWIORZVLQFOXGLQJRQVWUHHWDQGRIIVWUHHWSDUNLQJDUULYDOVDQG
GHSDUWXUHV WKDWPD\SDUWLDOO\DIIHFW WKH31DUHD7KH LQWURGXFHG2'IORZVDUH UHDOLVWLF EDVHGRQUHDO
PHDVXUHPHQWVEXWQRWH[DFWSDUWLFXODUO\ZLWKUHJDUGWRWKHXVHG2'UDWHV
:KHQ UXQQLQJ $,0681 WKH WRRO¶V HPEHGGHG UHDOWLPH G\QDPLF WUDIILF DVVLJQPHQW RSWLRQ LV
DFWLYDWHGDVWKLVLVGHHPHGWROHDGWRDPRUHUHDOLVWLFGLVWULEXWLRQRIWKHGHPDQGZLWKLQWKHQHWZRUN,Q
SDUWLFXODU LI JDWLQJ PHDVXUHV FUHDWH ORQJ TXHXHV DQG GHOD\V DW WKH JDWHG OLQNV DOWHUQDWLYH URXWHV LI
DYDLODEOH PD\ EH VHOHFWHG E\ WKH GULYHUV FOHDUO\ WKLV UHIOHFWV WKH PHGLXPWHUP URXWLQJ EHKDYLRXU RI
GULYHUVWRDQ\LQWURGXFHGJDWLQJPHDVXUHV1RWHDOVRWKDWWKLVGLYHUVLRQPD\MHRSDUGL]HWRVRPHH[WHQWWKH
LQWHQGHG JDWLQJ LPSDFW WKHUHIRUH WKH FKRLFH RI JDWLQJ OLQNV VKRXOG DOVR FRQVLGHU WKH DYDLODELOLW\ DQG
SRWHQWLDODWWUDFWLYHQHVVRIDOWHUQDWLYHURXWHVWKDWE\SDVVWKHJDWLQJORFDWLRQ
)XQGDPHQWDOGLDJUDPRIWKH31
$QHWZRUNIXQGDPHQWDOGLDJUDPPD\EHDQLGHDO1)'LIEDVHGRQH[DFWNQRZOHGJHRIWKHGLVSOD\HG
TXDQWLWLHV WKLV LV SUDFWLFDOO\ RQO\ SRVVLEOH LQ DQDO\WLF RU VLPXODWLRQEDVHG VWXGLHV IRU DOO OLQNV ] = 
)LJ&KDQLDXUEDQQHWZRUNPRGHOHGLQ$,0681
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ZKHUH = LV WKH VHW RI DOO QHWZRUN OLQNV RU DQ RSHUDWLRQDO 1)' LI EDVHG RQ DYDLODEOH PRUH RU OHVV
DFFXUDWHPHDVXUHPHQWV DQG HVWLPDWHV DW D VXEVHW 0 RI DOO OLQNV  LH 0  =  DQ RSHUDWLRQDO1)' LV
FDOOHGFRPSOHWHLIWKHPHDVXUHPHQWVFRYHUDOOQHWZRUNOLQNVLHLI  0 = 
7KH FRPSOHWH RSHUDWLRQDO 1)' RI WKH &KDQLD 31 LV REWDLQHG YLD D KRXU $,0681 VLPXODWLRQ
VFHQDULRZLWK UHDOLVWLF2'GHPDQGVDQGG\QDPLF WUDIILFDVVLJQPHQWEDVHG URXWLQJDQG LVGLVSOD\HG LQ
)LJ7KH1)'¶V\D[LVUHIOHFWVWKH7RWDO7UDYHOOHG'LVWDQFH77' LQYHKÂNPSHUKZKLOHWKH[D[LV
UHIOHFWV WKH 7RWDO 7LPH 6SHQW 776 LQ YHKÂK SHU K E\ DOO YHKLFOHV LQ WKH 31 7KH77' DQG 776 DUH
REWDLQHGIURPWKHHPXODWHGORRSPHDVXUHPHQWVYLDWKHIROORZLQJHTXDWLRQV
       Ö Ö Ö] ]
] ]
7 1 N776 N 1 N 1 N7 
   ¦ ¦
0 0
  
     
 
   ¦ ¦] ] ] ]
] ]
7 T N /77' N T N /70 0
  
ZKHUH]LVWKHOLQNZKHUHDPHDVXUHPHQWLVFROOHFWHG 0 LVWKHVHWRIPHDVXUHPHQWOLQNVN «LV
DGLVFUHWHWLPHLQGH[UHIOHFWLQJFRUUHVSRQGLQJF\FOHV7 LVWKHF\FOHWLPH ]T LVWKHPHDVXUHGIORZLQWKH
OLQN]GXULQJF\FOHN ]/ LVWKHOHQJWKRIOLQN]DQG  Ö ]1 N LVWKHHVWLPDWHGQXPEHURIYHKLFOHVLQOLQN]
GXULQJF\FOHNZKLFKLVGHULYHGIURPPHDVXUHGRFFXSDQF\PHDVXUHPHQWVYLDWKHIROORZLQJHTXDWLRQ
   Ö ]] ] ]1 N / R N
P
O     
ZKHUH ]R LVWKHPHDVXUHGRFFXSDQF\LQLQOLQN ] GXULQJF\FOHN ]P LVWKHQXPEHURIODQHVRIOLQN ] 
DQG O LV WKHDYHUDJHYHKLFOH OHQJWKLQP$FFRUGLQJ WR WKHGHULYDWLRQV LQ DQG776HTXDOV WKH
QXPEHURIYHKLFOHVLQDOO31OLQNVHTXLSSHGZLWKGHWHFWRUVZKLOH77' LVDOHQJWKZHLJKWHGVXPRIWKH
FRUUHVSRQGLQJ31OLQNIORZV
)LJDGLVSOD\VWKHRSHUDWLRQDO1)'IRUWKH31DVVXPLQJWKDWDOOOLQNVDUHGHWHFWRUHTXLSSHGLH
0 = IRUWKHILUVWKRXUVRIWKHHPSOR\HGVFHQDULRLHWKHSHULRGGXULQJZKLFKWKHQHWZRUNLVILOOHG
DQG WKH FRQJHVWLRQ LV FUHDWHG  GLIIHUHQW UHSOLFDWLRQV HDFK ZLWK GLIIHUHQW VHHG LQ $,0681 ZHUH
FDUULHG RXW 7R EXLOG D FRPSUHKHQVLYH 1)' WKDW LQFOXGHV IUHHIORZ FRQGLWLRQV WKH VSHFLILHG GHPDQG
VWDUWV IURP YHU\ ORZ YDOXHV DQG LQFUHDVHV JUDGXDOO\ WR OHYHOV WKDW OHDG WR KHDY\ FRQJHVWLRQ LQ 31 DV
XQGHUW\SLFDOUHDOWUDIILFFRQGLWLRQVDWWKHSHDNSHULRGVHYHQWXDOO\WKHGHPDQGLVJUDGXDOO\UHGXFHGXQWLO
WKHQHWZRUNLVYLUWXDOO\HPSWLHGDWWKHHQGRIWKHVLPXODWLRQVHH)LJE)LJDGHPRQVWUDWHVWKDWD
IXQGDPHQWDOGLDJUDPLQYHUVH8 VKDSH LV LQGHHGRFFXUULQJGXULQJ WKHKQHWZRUN ILOOLQJSHULRGZLWK
TXLWH PRGHUDWH VFDWWHU HYHQ DFURVV GLIIHUHQW UHSOLFDWLRQV )LJ E LQGLFDWHV WKDW WKH LQYHUVH8 VKDSH
DSSHDUVDOVRGXULQJWKHGHFUHDVLQJGHPDQGSHULRGRIKDOEHLWZLWKDYLVLEOHK\VWHUHVLVFRPSDUHGWRWKH
ILOOLQJKSHULRG7KHK\VWHUHVLVLVOLPLWHGDQGLVGXHWRGLIIHUHQWOLQNORDGSDWWHUQVWKDWDUHSUHVHQWLQWKH
HPSW\LQJ SHULRG FRPSDUHG WR WKH ILOOLQJ SHULRG :KDWHYHU WKH H[DFW 1)' DQG GHVSLWH VRPH OLPLWHG
VFDWWHU LWFDQEHVHHQLQ)LJWKDW WKHPD[LPXP77'YDOXHVLQWKHGLDJUDPRFFXULQD776UHJLRQRI
WRYHKÂKSHUK,I776LH1LVDOORZHGWRLQFUHDVHEH\RQGWKLVOLPLWWKHQ77'DQGKHQFHWKH
31WKURXJKSXWGHFUHDVHVWKLVOHDGVWRDQXQVWDEOHHVFDODWLRQDVORQJDVWKH31LQIORZVFRQWLQXHWREH
KLJKHUWKDWGHJUDGHVLQFUHDVLQJO\WKH31FDSDFLW\DQGHIILFLHQF\OHDGLQJWKHPWRDFFRUGLQJO\ORZOHYHOV
RU HYHQ WR ]HUR LQ WKH H[WUHPH WRWDOJULGORFN FDVH 7R DYRLG WKLV XQVWDEOH GHJUDGDWLRQ DQG LQ IDFW
PD[LPL]HWKH31WKURXJKSXWDQGHIILFLHQF\WKH31¶V776VKRXOGEHPDLQWDLQHGLQWKHPHQWLRQHGRSWLPDO
UDQJHDQGWKLVLVH[DFWO\WKHJRDORIWKLVZRUN
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6\VWHPPRGHOLQJIRUIHHGEDFNFRQWUROGHVLJQ
*DWLQJPD\EH HQDEOHGYLDYHU\ VLPSOH EXW KLJKO\ HIILFLHQW DQG UREXVW IHHGEDFN UHJXODWRUV WKDW DUH
ZHOONQRZQLQ&RQWURO(QJLQHHULQJ7KHUHJXODWRUVDUHVWULFWO\EDVHGRQUHDOWLPHPHDVXUHPHQWVZLWKRXW
DQ\QHHGIRURQOLQHPRGHORUGHPDQGSUHGLFWLRQV2QWKHRWKHUKDQGIRUDSURSHUFKRLFHRIWKHIHHGEDFN
VWUXFWXUHDPRQJVHYHUDORIIHUHGLQFODVVLFDOIHHGEDFNWKHRU\LWLVHVVHQWLDOWRNQRZWKHEDVLFG\QDPLFV
RIWKHSURFHVVXQGHUFRQWURODQGWKLVWDVNLVLQGHHGUHQGHUHGTXLWHVLPSOHDQGHDV\ZKHQXVLQJWKHQRWLRQ
RIWKH1)'
7KHGHYHORSHGPRGHODQGIHHGEDFNFRQWUROOHUVWUXFWXUHVDUHVXPPDUL]HGLQ)LJ7KHPRGHOLQSXWLV
WKHJDWHGIORZ JT VHH)LJWKHPRGHORXWSXWLVWKH31¶V776ZKLOHWKHPDLQH[WHUQDOGLVWXUEDQFHLV
WKH XQFRQWUROOHG 31 LQIORZ GT  7KH PRGHO LV ILUVW GHYHORSHG LQ D FRQWLQXRXVWLPH HQYLURQPHQW IRU
FRQYHQLHQFH7RVWDUWZLWKZHKDYHLQWKHJHQHUDOFDVH
   LQ JT W T WE W      
ZKHUH E LVWKHSRUWLRQRIJDWHGIORZ JT WKDWHQWHUVWKH31 W LVWKHWLPHDUJXPHQWW LVWKHWUDYHOWLPH
QHHGHGIRUJDWHGYHKLFOHVWRDSSURDFKWKH31ZKHQWKHJDWLQJOLQNLVQRWGLUHFWO\DWWKH31ERXQGDU\
7KHFRQVHUYDWLRQHTXDWLRQIRUYHKLFOHVLQWKH31VHH)LJUHDGV
       LQ G RXW1 W T W T W T W     
$V LQ WKH GLVFUHWHWLPH FDVH ZH KDYH DOVR IRU WKH LGHDO YDOXHV    LG776 W 1 W ZKHUH1 LV WKH UHDO
QXPEHURIYHKLFOHVZLWKLQ31EXW776 LQ)LJGHQRWHVWKHRSHUDWLRQDOYDOXHZKLFKGLIIHUV IURPWKH
LGHDOYDOXHLQWZRUHVSHFWVILUVWO\GHWHFWRUVPD\QRWEHDYDLODEOHLQHDFKDQGHYHU\31OLQNKHQFHWKH
RSHUDWLRQDO776ZLOOEHVPDOOHUE\VRPH IDFWRU $ d  VHFRQGO\ WKHRFFXSDQF\PHDVXUHPHQWDQGPRVW
LPSRUWDQWO\WKHHVWLPDWLRQPD\QRWEHH[DFWKHQFHZHLQWURGXFHDPHDVXUHPHQWHVWLPDWLRQHUURU H 
ZKLFKILQDOO\\LHOGV
     776 W $ 1 W WH     
)URPWKLVRSHUDWLRQDO  776 W ZHPD\GHULYHXVLQJWKHRSHUDWLRQDO1)'WKHFRUUHVSRQGLQJRSHUDWLRQDO
77'LH

)LJD1)'RIWKH31IRUWKHILUVWKRXUVIRUUHSOLFDWLRQVE1)'RI31IRUWKHKRXUVVLPXODWLRQIRUUHSOLFDWLRQV
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 77' W ) 776 W H ª º¬ ¼   
ZKHUH)LVDQRQOLQHDUEHVWILWIXQFWLRQRIWKHRSHUDWLRQDO1)'¶VPHDVXUHPHQWSRLQWVDQG H GHQRWHV
WKH FRUUHVSRQGLQJ ILWWLQJ HUURU GXH WR 1)' VFDWWHU 6LQFH 77' LQ  DQG )LJ  LV WKH RSHUDWLRQDO
TXDQWLW\ WKH LGHDO LG77' FRQVLGHULQJ DOO 31 OLQNV QRW MXVW WKH RQHV HTXLSSHGZLWK GHWHFWRUV ZLOO EH
ELJJHULH
   LG77' W % 77' W    
ZKHUH % d LVWKHIORZDQDORJRXVIDFWRURI $ HDUOLHU
7RSURFHHGZHZLOOQRZLQWURGXFHWKHPRGHOOLQJDVVXPSWLRQWKDWWKH31RXWIORZ RXWT LVSURSRUWLRQDO
WR LG77' LH
   RXW LGT W 77' W/
*   
ZKHUH* LVDVRUWRIQHWZRUNH[LWUDWH  *d d DQG/LVWKHDYHUDJH31OLQNOHQJWK5HSODFLQJLQ
ZHFRPSOHWHWKHSURFHVVPRGHOGHULYDWLRQDFFRUGLQJWR)LJ7KHRYHUDOOPRGHOIURP JT WR776
WXUQVRXWWREHDWLPHGHOD\HGQRQOLQHDUILUVWRUGHUV\VWHP
7KLV PRGHO PD\ EH OLQHDUL]HG DURXQG DQ RSWLPDO VWHDG\ VWDWH WKDW LV ZLWKLQ WKH DIRUHPHQWLRQHG
PD[LPXP77'UHJLRQRIWKH1)''HQRWLQJVWHDG\VWDWHYDULDEOHVZLWKEDUVZHKDYH
LQ G RXWT T T    
RXWT 77'%/
*   
ZKLOH H DQG H DUHVHWHTXDOWR]HUR:LWKWKHQRWDWLRQ [ [ ['   XVHGDQDORJRXVO\IRUDOOYDULDEOHVWKH
OLQHDUL]DWLRQ\LHOGV
  LQ GG )776 T T 776 $GW %/ H
c§ ·*'  '  '  '  ¨ ¸© ¹
  
ZKHUHİPD\EHGHULYHGIURPWKHSUHYLRXVHUURUV H DQG H DQG ) c LVWKHVORSHRIWKH1)'DWWKHRSWLPDO
VHWSRLQW Ö776  LH Ö776 776  7KLV VHWSRLQW VKRXOG EH VHOHFWHG ZLWKLQ WKH RSWLPDO 776UDQJH RI WKH
1)'HJZLWKLQ>@IRUWKH&KDQLD31IRUPD[LPXPHIILFLHQF\1RWHWKDW ) cPD\EHYLUWXDOO\
HTXDO WR ]HUR LI WKH VHWSRLQW LV RSWLPDO QHYHUWKHOHVV ZH ZLOO DVVXPH ) c ! KHUH LQ RUGHU WR HQDEOH

)LJ%ORFNGLDJUDPRIWKHV\VWHPDQGWKHIHHGEDFNFRQWUROOHU
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SURSHU OLQHDULVHGPRGHOLQJ7KLV DVVXPSWLRQKDV DEVROXWHO\QR LPSDFW RQ WKH HPSOR\HG UHJXODWRU 
ZKRVHRSHUDWLRQLVRQO\JRYHUQHGE\WKHUHJXODWLRQHUURU Ö776 776 
7KHFRQWLQXRXVWLPHVWDWHHTXDWLRQRIWKHSURWHFWHGQHWZRUNXVLQJWKHFRQVHUYDWLRQHTXDWLRQDQG
WKH1)'PD\EHGLUHFWO\WUDQVODWHGLQGLVFUHWHWLPHDVIROORZV1LVH
         LQ G776 N 776 N T N T N NP ] H'   '   '  ' ª º¬ ¼  
ZKHUH  H[SP * c  ) 7$ %/ DQG   %/ )] P * c   ,W LV WULYLDO WR LQFOXGH LQ WKHVHPRGHOV WKH WLPH
GHOD\E\UHSODFLQJ LQT IURP
7KH GHULYHG VLPSOH PRGHO LQFOXGHV D QXPEHU RI SDUDPHWHUV WKDW KDYH FOHDU SK\VLFDO PHDQLQJ
QHYHUWKHOHVV WKH SUHFLVH YDOXH RI VRPH RI WKHVH SDUDPHWHUV PD\ EH GLIILFXOW WR REWDLQ LQ SUDFWLFH
SDUWLFXODUO\ LI WKH31 LV D VL]HDEOHQHWZRUN DV LQ WKH&KDQLD H[DPSOH+RZHYHU WKHPDLQ UHDVRQ IRU
GHYHORSLQJWKHJDWLQJPRGHOLVWRGHGXFHWKHVWUXFWXUHRIWKHXQGHUO\LQJG\QDPLFVZKLFKLVHVVHQWLDOIRU
WKHSURSHUFKRLFHRIWKHUHJXODWRUVWUXFWXUH
&RQWUROOHUGHVLJQ
7RDYRLGFRQJHVWLRQFDXVHGGHJUDGDWLRQLHD77'GHFUHDVHWKHFULWLFDOYDOXHLHWKHYDOXHRI776
DWZKLFKWKHPD[LPXP77'LVDWWDLQHGLQWKH1)'LVFRQVLGHUHGDVWKHVHWYDOXHIRUWKHFRQWUROOHU7KH
FRQWUROJRDOLVWRNHHSWKHWUDIILFVWDWHRIWKH31DURXQGWKHVHWYDOXHVRWKDW77'LVPD[LPL]HGDQGWKH
QHWZRUNGRHVQRWHQWHU WKHRYHUVDWXUDWLRQDUHD LQ WKH1)'DFFRUGLQJ WR)LJ7R WKLVHQGJLYHQ WKH
GHULYHGPRGHO VWUXFWXUH LQ WKH SUHYLRXV VHFWLRQ WKH IROORZLQJ SURSRUWLRQDOLQWHJUDOW\SH 3, IHHGEDFN
FRQWUROOHULVZHOOVXLWDEOH
         LQ LQ 3 , Ö   T N T N . 776 N 776 N . 776 776 Nª º        ª º¬ ¼ ¬ ¼  
ZKHUH S. DQG ,. DUHWKHSURSRUWLRQDODQGLQWHJUDOJDLQVUHVSHFWLYHO\*RRGUHJXODWRUJDLQYDOXHVPD\
EH IRXQG ZLWK DSSURSULDWH &RQWURO (QJLQHHULQJ PHWKRGV RU PDQXDO ILQHWXQLQJ PRGHO SDUDPHWHU
HVWLPDWLRQ HJRIȝ DQGȗ LQ E\XVHRI UHDO LQT YHUVXV776PHDVXUHPHQWVPD\EHXVHIXO LQ WKLV
HQGHDYRULQDQ\FDVHIHHGEDFNUHJXODWRUVDUHTXLWHUREXVWWRPRGHUDWHSDUDPHWHUYDOXHFKDQJHV
,IJDWLQJLVDSSOLHGDWPXOWLSOHOLQNV WKHIORZFDOFXODWHGE\WKHXQLTXHUHJXODWRUPXVWEHVSOLW
DPRQJWKHJDWHGOLQNVDFFRUGLQJWRVRPHSUHVSHFLILHGSROLF\HJDFFRUGLQJWRWKHUHVSHFWLYHVDWXUDWLRQ
IORZVDVLQWKH&KDQLDDSSOLFDWLRQKHUH7KHIORZFDOFXODWHGE\WKHUHJXODWRUPXVWEHFRQVWUDLQHG
E\SUHVSHFLILHGPLQLPXPDQGPD[LPXPYDOXHV WRDFFRXQW IRUSK\VLFDORURSHUDWLRQDOFRQVWUDLQWV)RU
WKH ORZHU ERXQG RQHPD\ FKRRVH WKH IORZ FRUUHVSRQGLQJ WR WKHPLQLPXPJUHHQ VHWWLQJV RI WKH JDWHG
OLQNV DV LQ WKH&KDQLD DSSOLFDWLRQKHUH RU KLJKHU HJ LI VRPHJDWHG OLQNVQHHG WREHSURWHFWHG IURP
RYHUVSLOOLQJ7KHXSSHUERXQGKDVWZRFRPSRQHQWVDFRQVWDQWDQGDYDULDEOHRQHVLPLODUO\WR$/,1($
UDPSPHWHULQJ:DQJHWDODQGLWLVGHFLGHGLQUHDOWLPHZKLFKRIWKHWZRLVWREHDSSOLHGDWHDFK
FRQWUROVWHSWKHFRQVWDQWXSSHUERXQGPD\EHVSHFLILHGDFFRUGLQJWRWKHPD[LPXPJUHHQVHWWLQJVRIWKH
JDWHG OLQNV DV LQ WKH &KDQLD DSSOLFDWLRQ KHUH RU ORZHU HJ LI VRPH GRZQVWUHDP OLQNV QHHG WR EH
SURWHFWHG IURP RYHUVSLOOLQJ WKH YDULDEOH XSSHU ERXQG DLPV DW DFWLYDWLQJ WKH UHJXODWRUPRUH SURPSWO\
XQGHUFHUWDLQFLUFXPVWDQFHVVHH:DQJHWDOIRUIXUWKHUGHWDLOVRQWKHUHDVRQLQJDQGPHWKRG,W
VKRXOGEHQRWHG WKDW LQ WKH&KDQLDDSSOLFDWLRQRI WKLVSDSHUXSSHUDQG ORZHUIORZERXQGVDUHDFWXDOO\
VSHFLILHGDOVRIRUHYHU\LQGLYLGXDOJDWHGOLQN,IWKHUHJXODWRUIORZGLVWULEXWLRQLVIRXQGWRYLRODWHVRPHRI
WKHVHLQGLYLGXDOERXQGVWKHQWKHVXUSOXVIORZVDUHUHGLVWULEXWHGDPRQJWKHUHVWRIWKHJDWHGOLQNV
*DWLQJFRXOGEHDFWLYDWHGRQO\ZLWKLQVSHFLILFWLPHZLQGRZVHJDWWKHSHDNSHULRGVRULIVRPHUHDO
WLPH PHDVXUHPHQWEDVHG FRQGLWLRQV DUH VDWLVILHG $IWHU GLVWULEXWLQJ WKH UHJXODWRURUGHUHG IORZ WR WKH
JDWHGOLQNVWKHLQGLYLGXDOVXEIORZVPXVWEHFRQYHUWHGWRDSSURSULDWHJUHHQWLPHVE\PRGLI\LQJWKHXVXDO
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WUDIILFVLJQDOVHWWLQJVLQWKHFRUUHVSRQGLQJMXQFWLRQV1RWHWKDWWKHLPSOHPHQWHGIORZPD\GLIIHUIURPWKH
IORZRUGHUHGE\WKHUHJXODWRUIRUDQXPEHURIUHDVRQVLQFOXGLQJOLPLWHGDFFXUDF\RIVLJQDOVSHFLILFDWLRQ
ORZGHPDQGRYHUVSLOOLQJGRZQVWUHDPOLQNRUIORZFRQVWUDLQWVKRZHYHUWKHUHJXODWRULVODUJHO\UREXVWWR
WKHVHRFFXUUHQFHVWKDQNVWRLWVIHHGEDFNVWUXFWXUHDVLWZLOOEHGHPRQVWUDWHGLQWKHQH[WVHFWLRQ
5HVXOWV
7KHPLFURVFRSLF VLPXODWRU$,0681 LV VWRFKDVWLF WKXV GLIIHUHQW VLPXODWLRQ UXQV UHSOLFDWLRQVZLWK
GLIIHUHQWUDQGRPVHHGVPD\OHDGWRGLIIHUHQWUHVXOWV)RUWKLVUHDVRQLWLVFRPPRQWRXVHDQXPEHULQ
WKLVZRUNRI UHSOLFDWLRQV IRUHDFK LQYHVWLJDWHG VFHQDULRDQG WKHQFDOFXODWH WKHDYHUDJHYDOXHRI WKH
UXQVIRUHDFKHYDOXDWLRQFULWHULRQLQRUGHUWRFRPSDUHGLIIHUHQWFRQWUROFDVHVZLWKQRQJDWHGFDVHV7KUHH
SHUIRUPDQFH LQGH[HV DUH XVHG KHUH DV SURYLGHG E\$,0681 WKH DYHUDJH YHKLFOH GHOD\ SHU NP WKH
PHDQVSHHGLQWKHHQWLUH&KDQLDXUEDQQHWZRUNQRWRQO\WKH31DQGWKHQXPEHURIYHKLFOHVWKDWH[LWWKH
RYHUDOOQHWZRUNGXULQJWKHZKROHVFHQDULR
1RQJDWLQJFDVH
6LJQDO FRQWURO IRU WKH QRQJDWLQJ FDVH FRUUHVSRQGV WR WKH XVXDO IL[HGWLPH VHWWLQJV XVHG LQ WKH UHDO
&KDQLD QHWZRUN 7DEOH  GLVSOD\V WKH DIRUHPHQWLRQHG LQGH[HV IRU HYHU\ UHSOLFDWLRQ DV ZHOO DV IRU WKH
DYHUDJHPD[LPXPDQGPLQLPXPYDOXHVRIHDFK LQGH[6LQFH$,0681LVD VWRFKDVWLF WRRO OLQNRYHU
VSLOOLQJ DQG SDUWLDO JULGORFNV PD\ EH PRUH RU OHVV SURQRXQFHG LQ LQGLYLGXDO UHSOLFDWLRQV ,Q VRPH
UHSOLFDWLRQVHJ5HSDQG5HSLQ7DEOHWKHFUHDWHGFRQJHVWLRQLQWKHSHDNSHULRGOHDGVWRPRUH
VHULRXVJULGORFNVLQWKH31FRQVHTXHQWO\WKHGHOD\LVKLJKHUDQGWKHPHDQVSHHGLVORZHUWKDQDYHUDJH
ZKLOH WKH ORZHU QXPEHU RI H[LWHG YHKLFOHV LQ WKHVH UHSOLFDWLRQV LQGLFDWHV WKDW WKH QHWZRUN LV QRW \HW
HPSW\DWWKHHQGRIWKHVLPXODWLRQ
7R HQDEOH DQ LOOXVWUDWLYH FRPSDULVRQ RI WKH QRQJDWLQJ YHUVXV JDWLQJ FDVHV WKH UHVSHFWLYH GHWDLOHG
UHVXOWVRI5HSOLFDWLRQDUHGLVSOD\HGLQ)LJQDPHO\WKH31¶V776)LJVDDQGGWKH31LQIORZ
IURPJDWHGOLQNV LQT )LJVEDQGHDQGWKH31¶V77' )LJVFDQGI&RQFHQWUDWLQJRQ
WKHOHIWFROXPQRI)LJSDUWVDEFWKHVWKRXULVFKDUDFWHUL]HGE\DJUDGXDOLQFUHDVHRIDOOWKUHH
GLVSOD\HGTXDQWLWLHVDVLW LV W\SLFDOIRULQFUHDVLQJGHPDQG LQXQGHUVDWXUDWHGWUDIILFFRQGLWLRQV$WWLPH
W  KWKHDEUXSWLQFUHDVHRI LQT OHDGVWRDFFRUGLQJLQFUHDVHVRI776DQG77'WKHODWWHUUHDFKLQJVRRQ
FDSDFLW\YDOXHVDFFRUGLQJWR)LJDZKLOHWKHIRUPHULVWUDYHUVLQJWKHDIRUHPHQWLRQHGFULWLFDOUHJLRQRI
>@+RZHYHUDV LQT FRQWLQXHVWREHKLJK776FRQWLQXHVWRLQFUHDVHWRYHU\KLJKYDOXHVLHWKH
31EHFRPHVLQFUHDVLQJO\FURZGHGZLWKYHKLFOHVDVDFRQVHTXHQFHOLQNRYHUVSLOOLQJDQGJULGORFNOHDG
WRD VHQVLEOH77' UHGXFWLRQ WR ORZ OHYHOV WKDWDUHSHUVLVWLQJXQWLO W  KZKHQ WKHQHWZRUNVWDUWVGH
FRQJHVWLQJGXHWRORZGHPDQG5HPDUNDEO\GXULQJWKHFRQJHVWHGSHULRG W >KK@WKHLQIORZ LQT 
LVDOVRUHGXFHGGXHWRRYHUVSLOOLQJOLQNVRI31LHDVDUHVXOWRIWKHFRQJHVWLRQWKDWH[WHQGVEH\RQGWKH
31
7DEOH1RQJDWLQJSHUIRUPDQFHLQGH[HVIRUHDFKUHSOLFDWLRQ
 5HS 5HS 5HS 5HS 5HS 5HS 5HS 5HS 5HS 5HS $YH 0D[ 0LQ
'HOD\V             
6SHHGNPK             
9HKLFOHVRXW             
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
*DWLQJFDVH
,QWKH&KDQLDJDWLQJH[DPSOHWKHWLPHGHOD\W LV]HURKHQFHWKH 3. DQG ,. YDOXHVPD\EHVSHFLILHG
IRUDGHDGEHDWUHJXODWRUEHKDYLRU7RWKLVHQGDOHDVWVTXDUHVSDUDPHWHUHVWLPDWLRQZDVFRQGXFWHGIRUȝ
DQGȗLQXVLQJWLPHVHULHVRI LQT 776PHDVXUHPHQWVZLWKLQDQGDURXQGWKHFULWLFDO776UDQJHRI
> @ ZKLFK OHG WR UHJXODWRU JDLQV 3 .  K DQG , .  K 7KH UHJXODWRU¶V PD[LPXP DQG
PLQLPXPERXQGVDUHYLVLEOHLQ)LJH7KHUHJXODWRUUXQVFRQWLQXRXVO\LQWKHEDFNJURXQGEXWJDWLQJLV
DFWXDOO\ DFWLYDWHGRQO\ZKHQ776 H[FHHGV D WKUHVKROG WKDW LV VHOHFWHG VOLJKWO\ ORZHU WKDQ LQ WKLV FDVH
RIWKHVHWSRLQWDQGLVGHDFWLYDWHGZKHQ776IDOOVEHORZDQGVOLJKWO\ORZHUWKUHVKROG$WDOORWKHU
WLPHVIL[HGWLPHVLJQDOFRQWUROLVDSSOLHGDVLQWKHQRQJDWLQJFDVH$VHWSRLQWRI Ö 776  YHKāKSHUK
LVVHOHFWHGIRUWKHJDWLQJRSHUDWLRQ
%\ UXQQLQJ$,0681ZLWK WKHFRQWURO ODZ  IRU WKHJDWHG WUDIILF VLJQDOV WKH UHVXOWVGLVSOD\HG LQ
7DEOH3HUIRUPDQFHLQGH[HVXVLQJWKHSURSRVHGJDWLQJFRQWUROVWUDWHJ\
 5HS 5HS 5HS 5HS 5HS 5HS 5HS 5HS 5HS 5HS $YH 0D[ 0LQ
'HOD\V             
8SJUDGH             
6SHHGNPK             
8SJUDGH             
9HKLFOHVRXW             
)LJD31¶V776YVWLPHLQQRQJDWLQJFDVHEDFWXDO31LQIORZYVWLPHIRUWKHQRQJDWLQJFDVHF31¶V77'YVWLPHIRUWKH
QRQJDWLQJFDVHG31¶V776YVWLPHIRUWKHJDWLQJFDVHHRUGHUHGDQGDFWXDO31LQIORZYVWLPHIRUWKHJDWLQJFDVHI31¶V
77'YVWLPHIRUWKHJDWHGFDVH
1609 Mehdi Keyvan Ekbatani et al. /  Procedia - Social and Behavioral Sciences  48 ( 2012 )  1599 – 1610 
7DEOH  DUH REWDLQHG IRU HDFK RI WKH  UHSOLFDWLRQV 7KH LPSURYHPHQWV FRPSDUHG WR 7DEOH  DUH
VLJQLILFDQWDQG LQ IDFWHYHQ WKHZRUVHJDWLQJUHSOLFDWLRQ LVVXSHULRU WR WKHEHVWQRQJDWLQJUHSOLFDWLRQ
$QDYHUDJHVSHHGLQFUHDVHRIUHVXOWVIRUWKHZKROHQHWZRUNQRWMXVWWKHSURWHFWHGSDUWWKHUHRI
)LJVGHIGLVSOD\WKHGHWDLOHGUHVXOWVRI5HSOLFDWLRQRIWKHJDWLQJFDVHDQGLOOXVWUDWHLWVZD\RI
IXQFWLRQLQJDQGLPSDFW7UDIILFFRQGLWLRQVDUHLGHQWLFDODVLQWKHQRQJDWLQJFDVHXSWRDURXQG  W K
ZKHQJDWLQJLVVZLWFKHGRQ)LJHDV776DSSURDFKHVLWVVHWYDOXHWKHJDWLQJUHJXODWRURUGHUVORZ
LQIORZYDOXHV WRPDLQWDLQ776 DURXQG LWV VHW SRLQW DQG DV D FRQVHTXHQFH77' LVPDLQWDLQHG DW KLJK
OHYHOVLQFOHDUFRQWUDVWWRWKHQRQJDWLQJFDVH,WLVYLVLEOHLQ)LJHWKDWWKH LQT YDOXHVRUGHUHGE\WKH
UHJXODWRUGLIIHU IURP WKH LPSOHPHQWHGRQHV IRUYDULRXVUHDVRQVPHQWLRQHGHDUOLHUEXW WKLVKDVDPLQRU
LPSDFWRQWKHUHJXODWRU¶VHIILFLHQF\DVH[SHFWHG$W W  K776LVPRYLQJWRORZHUYDOXHVJDWLQJLV
VZLWFKHG RII DQG WUDIILF IORZ UHWXUQV WR XQGHUVDWXUDWHG FRQGLWLRQV LQ FRQWUDVW WR WKH QRQJDWLQJ FDVH
ZKHUHRYHUVDWXUDWHGFRQGLWLRQVDUHVHHQLQ)LJWRSHUVLVWIRUKRXUORQJHU
&RQFOXVLRQ
$QHZ WUDIILFUHVSRQVLYHJDWLQJ VWUDWHJ\EDVHGRQD VLPSOHEXWHIILFLHQW3, IHHGEDFN UHJXODWRUZDV
GHYHORSHG IRU 87& XQGHU VDWXUDWHG FRQGLWLRQV YLD H[SORLWDWLRQ RI WKH 1)' QHWZRUN IXQGDPHQWDO
GLDJUDPFRQFHSW7KH&KDQLDXUEDQQHWZRUNLVPRGHOHGLQWKHPLFURVFRSLFVLPXODWRU$,0681DVDWHVW
EHGIRUWKLVUHVHDUFKWRSURWHFWLWVPRVWVHQVLWLYHSDUWIURPVSLOORYHUVJULGORFNDQGWKHUHVXOWLQJVWURQJ
GHJUDGDWLRQ
$SSOLFDWLRQRI WKHGHYHORSHGJDWLQJVWUDWHJ\ LVGHPRQVWUDWHG WR OHDG WRVLJQLILFDQW LPSURYHPHQWV LQ
WKHRUGHURIFRPSDUHGWRWKHQRQJDWLQJFRQWUROFDVH,QWKLVUHVHDUFKWKHPHDVXUHPHQWVRIDOOOLQNV
ZLWKLQWKH31DUHIHGWRWKHUHJXODWRURQJRLQJUHVHDUFKGHPRQVWUDWHVWKDWWKLVLVQRWQHFHVVDU\DQGWKDW
JDWLQJ PD\ EH DSSOLHG VLPLODUO\ HIILFLHQWO\ ZLWK IDU OHVV UHDOWLPH PHDVXUHPHQWV )XUWKHU UHVHDUFK
GLUHFWLRQV LQFOXGH TXHXH EDODQFLQJ DQG PDQDJHPHQW DW WKH JDWLQJ SRVLWLRQV FRPSDULVRQ ZLWK PRUH
FRPSUHKHQVLYHWUDIILFUHVSRQVLYHVLJQDOFRQWUROVWUDWHJLHVDQGPRVWLPSRUWDQWO\ILHOGLPSOHPHQWDWLRQRI
WKHSURSRVHGJDWLQJVWUDWHJ\
$FNQRZOHGJPHQWV
7KH UHVHDUFK OHDGLQJ WR WKHVH UHVXOWV KDV EHHQ IXQGHG E\ WKH (XURSHDQ &RPPLVVLRQ )3 SURJUDP
1($5&7,6 1HWZRUN RI ([FHOOHQFH IRU $GYDQFHG 5RDG &RRSHUDWLYH WUDIILF PDQDJHPHQW LQ WKH
,QIRUPDWLRQ6RFLHW\
5HIHUHQFHV
$ERXGRODV.3DSDJHRUJLRX0.RXYHODV$DQG.RVPDWRSRXORV($UROOLQJKRUL]RQTXDGUDWLFSURJUDPPLQJDSSURDFK
WRWKHVLJQDOFRQWUROSUREOHPLQODUJHVFDOHFRQJHVWHGXUEDQURDGQHWZRUNV7UDQVSRUWDWLRQ5HVHDUFK3DUW&9ROSS

$EX/HEGHK*DQG%HQHNRKDO5)'HYHORSPHQWRIWUDIILFFRQWURODQGTXHXHPDQDJHPHQWSURFHGXUHVIRURYHUVDWXUDWHG
DUWHULDOV7UDQVSRUWDWLRQ5HVHDUFK5HFRUGSS±
%HDUG & DQG =LOLDVNRSRXORV $  $ V\VWHP RSWLPDO VLJQDO RSWLPL]DWLRQ IRUPXODWLRQ WK 75% $QQXDO 0HHWLQJ
:DVKLQJWRQ'&86$
%UHWKHUWRQ'%RZHQ*DQG:RRG.(IIHFWLYHXUEDQWUDIILFPDQDJHPHQWDQGFRQWUROUHFHQWGHYHORSPHQWVLQ6&227
QG75%$QQXDO0HHWLQJ:DVKLQJWRQ'&86$
'H6FKXWWHU%DQG'H0RRU%2SWLPDOWUDIILFOLJKWFRQWUROIRUDVLQJOHLQWHUVHFWLRQ(XURSHDQ-RXUQDORI&RQWURO9RO
SS
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